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Initiator systems for polvmerisable compositions 



The present invention relates to complexes of organoboranes with amino functional organosilicon 
5 compounds which are effective polymerisation initiators for radically polymerisablc systems, 
especially acrylatc or methaciylatc adhcsives. The complexes arc particularly uscfW in the 
preparation of adhesives for bonding low surface energy plastics based on, for example, polyolefins 
and polyfluoroolefiiis. 



10 Low surfece energy polyolefins such as polyethylene, polypropylene and polytetrafluoroethylene 
have a variety of attractive properties in a variety of uses. However, because of the low surfecc 
energy of these plastic materials, it is veiy difficult (a detailed description of the diflBcuIties in 
adhesively bonding these materials can be found in '-Adhesion Problems at Polymer Surfaces "by 
D. M- Brcwis, appeared in "Progress in Rubber and Plastic Technology*', vol. 1. p.l, 1985) to fmd 

1 5 adhesive compositions, which bond to them. The commercially available adhesives, which are used 
for these plastics generally, require complex and costly substrate surface prctreatment of the surface 
before the adhesive will bond to the surface. Such prctrcatments include corona discharge, flame 
treatment, plasma treatment, oxidation by ozone or oxidizing agents, sputter etching and the like. 
Anodier approach for adhesively bonding low surfece energy substrates is via coating die low 

20 surface oiergy substrate with a material of high surface energy. But, also in this case the low 
surface energy substrates need to be previously pretreated with one of the aforementioned surface 
preparation techniques in order to assure adequate adhesion of the primer. All of these techniques 
can be found in "Treatise on Adhesion and Adhesives " by J. D. Minford, Marcel Dekker, 1991 , 
New York, vol. 7, p.333-345). There is therefore a need for adhesive compositions, which are 

25 capable of bonding to low surface energy substrates, and bonding low surface energy substrates to 
other substrates, without the need for extensive or costly surfece preparation techniques. 



There is considerable prior investigation into use of organo boron compounds, including bonding 
surfeccs of low sur&ce energies. Eg G. Kolesnikov and L. Fedorova [Bull, Acad Set. USSR, Div, 
30 Chem. ScL p, 236 (1957)] report on the polymerization of aoylonitrile in the presence of ^ 
tributylborine. 



US 5,376,746, US 5,286,821 and US 5,143,884 relate to a two-part initiator system useful in 
adhesive compositions comprising in one part a stable organoborane/amine complex and in the 
35 second part an aldehyde destabihzer or activator. This initiator is particulariy useful in elastomeric 
acrylic adhesive compositions and provides room temperature, relatively slow curing sy^ems with 
good adhesive properties making them useful in applications vAere longer open times are required. 
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US 5^ 10,835 and US 5,1 06,928 describe a two-part initiator system useful in adhesive 
compositions comprising in one part a polymerizable acrylic monomers and an organoborane/araine 
complex and in the second part an organic acid deslabilizer and optional acrylic polymer. 

5 

US 5,690,780 and US 2002/0028894 disclose polymerizable acrylic compositiooSlvfaich are 
particularly usefiil as adhesives wherein specific oiganoborane/amine complexes are used to initiate 
cure. 

10 US 5,795,657 relate to organoborane/amine complexes comprising oiganoboranes and pcrtyamines. 
The polyamine is the reaction product of a diprimaiy amine-terminated material and a material 
having at least two groups reactive widi prinuuy amine. The complexes are useful in systems for 
initiating the polymerization of acrylic monomers which systems further include a material reactive 
with the amine. Polymerizable acrylic monomer compositions useful in adhesive applications are 

15 also provided. 

US 5,935,71 1 describe compositions comprising organoborane/amine complexes and aziridine- 
functional material to form polymerization initiator systems in aciyli&4>ased polymerizable 
compositions useful in adhesive compositions for bonding low surface energy substrates. 

20 

US 5,952,409 discloses stain blocking composidons comprising a stain blocking material and an 
organoborane/amine complex. 

US 5,990,036 and US 5,872,197 relate to systems for initiating polymerization of acrylic monomers 
25 comprising organoborane/amine complexes and bireactive decomplexers preferably comprising at 
least one free-radically polymerizable group and at least one amine-reactive group in the same 
molecule. The decomplexer is capable of forming a covalcnt bond with both the acrylic monomers 
and amine complex, resulting in a reduced level of mobile constituents. 

30 US 6,027,813 and US 5,883,208 describe systems for initiating the polymerization of aoylic 
monomers comprising organoborane/amine complexes and decomplexers comprising at least one 
anhydride group. Adhesive compositions prepared finom the initiator systems presented good 
adhesion on low sur&ce ener^ substrates. 

35 US 6,093,778, US 5,994,484 and US 6,008,308 disclose compositions comprising 

organoborane/amine complexes and polyols. The compositions can fonn a part of a polymmzation 
initiator system that also includes polyisocyanate. The syston can be used to initiate polymerization 
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of acrylic monomer and to fonn a polyurethane/polyurea aciylic adhesive that has good adhesion to 
low surface energy substrates. 

US 6,252,023 and WO 00/56779 relate to compositions comprising an organoborancfaminc 
5 complex and 1 ,4-dioxo-2-butene functional material The compositions can fonm a part of a 
polymerization initiator system that also includes a compound that is reactive witbJbe amine 
position of the complex. The system can be used to initiate polymerization of acrylic monomer and 
to form an acrylic adhesive that exhibits good adhesion to low surface energy substrates. 

10 US 6^48,846 describes polymerizable acrylic compositions comprising of at least one acrylic 
monomer, an cfifectivc amount of organoborane/amine complex and an effective araamt of an acid 
for initiating polymerization of Ae acrylic monomer. The polymerizable acrylic conqrasitions are 
useful for bonding low surface energy substrates. . 

15 US 2002/0028894 and US 2002/0033227 disclose a method polymerization and bonding two or 
more substrates together that conqprises contacting the components of a composition comprising an 
organoborane/amine complex, one or more of monomers, oligomers, or polymers having olefinic 
unsaturation and optionally an effective amount of a compound which causes th compile to 
disassociate or heating the composition to a temperature at which the complex disassociates. 

20 

US 2002/003 1607 relates to a method of modifying the surface of a low surface enogy polymer by 
contacting the surface with a composition comprising an organoborane/amine complex, one or more 
of monomers, oligomers, or polymers having olefinic unsaturation and optionally an effective 
amount of a compound which causes th complex to disassociate or heating the composition to a 
25 temperature at which the complex disassociates. 

WO 99/64475 describes initiator systems mcluding both a complexcd initiator (organoborane/amine 
complex) and a carboxylic acid decomplcxer. Dicaiboxylic acid, carboxylic acid estcB, and 
monocarboxylic acid (preferably those comprising an alkyl group having at least nine carbon atoms 
30 fro low odor compositions) are useful as decomplexers in polymerizable oompositi<ais. 

WO 99/64528 discloses low odor polymerizable compositions. The polymerizable onnpositions are 
useful in kits also comprising an aerobic initiator. Also disclosed are bonding compositions, 
polymerized compositions, coated substrates and methods of bonding in which the polymerizable 
35 compositions are especially usefiiL 
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WO 01/32716 relates to initiator systems compromising a complexed initiator comprising at least 
one of a complex of a complexing agent comprising at least one hydroxide (e.g. organoborane 
hydroxide complex) and an initiator or a complex of a complexing agent comprising at least one 
alkoxide (e.g. organoborane alkoxide complex) and an initiator or mixtures or combinations thereof; 
S and a decomplexer. 

WO 01/4431 1 describes an amine-organoborane oomplex vdierein die organoborane is a trialkyl 
borane and tiie amine is an amine having an amicfine structural component; an aliphatic heterocycle 
having at least one nittogea in the heterocyclic ring i^erein the heterocyclic compound may also 

1 0 contain one or more nitiogeii atoms, oxygen atoms* sulfur atoms, or double bonds in the 

heterocycle; a primaiy amine \Auch in addition has one or more hydrogen bond accepting group 
wiieretn there is at least two carbon atoms, preferably three, between the primaiy amine and the 
hydrogen bond accepting groi^, such diat due to inter- or intramolecular interactions within the 
complex the strength of the B-N bond is increased; or a conjugated imine. Prefeired hydrogen bond 

1 5 accepting groups include the following: a secondary amine, a tertiary amine, an ether, a halogen, a 
polyether group or a polyamine group. The complexes of the invention are used in polymerizable 
compositions, adhesive compositions and coatings compositions containing compounds having 
moieties whidi polymerize under free radical polymerization conditions. 

20 WO 02/348Sldiscloses the use of specific quaternary boron salts as initiators in polymerizable 
compositions and uses hereof for bonding low surfiice energy substrates. 

WO 02/348S2 relates to the use of metal alkyl borohydrides as initiators of polymerization, 
particularly in adhesive compositions for bonding a wide range of substrates including low surface 

25 energy substrates sudi as polyolefins. In particular, alkali metal trialkyl borohydrides are used, die 
alkali metal salt being selected from : lithium triethylborohydride, sodium triethylborohydride, 
potassium triethylborohydride, lithium tri-scc-butylborohydride, sodium tri-sec-butylborohydride, 
potassium tri-sec-butylborohydride and lithium triethy Iborodeuteride and others less effective on 
low surface energy substrates such as lithhim 9-borabicyclo [3.3. l>nonane (9BBN) hydride, 

30 lithhim tbexylborohydiide, lithium trisiamylborofaydride and potassium trisiamylborohydride. 

WO 03/035703 and WO 98/17694 describe (meth)aaylate based polymerizable compositions and 
adhesive systems prepared therefrom which include an aziridine-containing compound in a carrier 
material (dihient). The inventive compositions and adhesive systems are particularly well suited to 
35 bonding applications, which involve at least the bonding of one low energy surface (e.g. polyolefin, 
polyethylene^ polypropylene, eta). 
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WO 03/038006 discloses a two part composition for initiating cure of one or more polymerizable 
monomos which cure when exposed to free radicals comprising in one part an organoborane/amine 
complex and in the second part an isocyanate which is capable of decomplexing the organoborane 
complex wherein the ratio of amine nitrogen atoms to boron atoms is grater than 4.0: 1 .0. 

5 

WO 03/0401 5 1 relates to the use of internally blocked organoborates as initiators l&r free-radically 
polymerizable compositions useful in adhesive compositions. 

WO 03/057791 describes metal salt modifiers for two-part bonding compositiwis useful in bonding 
10 low surfecc energy substrates. The metal salt modifiers modify the curing kinetics of the bonding 
composidon. 

US 4,538,920 disclose a multiple-barreled resiiHlispensing device having a syringe, an exit conduit, 
a static nuxing clement, means for detachably coupling the inlet of the exit conduit to die outlet end 
15 of the syringe, and means for locating the static mixing elanent within the exit conduit to provide 
rotational alignment of the static mixing element relative to the syringe. 

US 5,082.147 relates to an applicator that delivws from side by side chambers a two-part urcthane 
polymer composition in which the diisocyanatc is differentially reactive with two amine 
20 components of side B such that an initial, fester reaction wiA one amine keeps viscosity low while a 
second, slower reaction with the second amine builds viscosity to a self-supporting paste outside the 
applicator. 

US6777512 published 17-08-2004, describes a polymerizable composition for adhesive 
25 composition for bonding substrates which comprises organoborane amine complex, olefinically 
unsaturated compounds, and polymerization catalyst for compounds having siloxane backbone. 

However, many problems remain, particularly regarding cure rate, adhesive bond strength and 
composition stability. There remains an unmet need for stable adhesive compositions, which are 
30 capable of bonding low surfece energy substrates. In particular, there remains the need for initiator 
systems for fiee radical polymerization which are safe to handle, are stable, and which can be used 
to cure polymerisable systems on demand. 



35 



The present invention provides a complex of an organoboron compound of the general fonmda 

B(R')i (1) 
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in which each R' independently represents an alkyl, aryl, alkylaiyl, aiylalkyl, cycloalkyl, 
alkylcycloalkyl or cycloalkylalkyl group which may be unsubstituted or substituted by one or more 
of the same or different substituents selected from halogen atoms and alkoxy groups; with an 
organosilicon compound containing at least one primary, secondary and/or tertiary amino gioup. 

5 

Preferably an alkyl or alkoxy group present in has fiom 1 to 10, preferably 1 to^, e^)ecially 1 to 
4, carbon atoms, and preferably any aryl moiety is a phenyl group. A cycloalkyl moiety preferably 
has fiom 5 to 7 carbon atoms. Preferred halogen atoms are chlorine and fluorine atoms. 

10 Preferably each R' indepcndendy represents a Cm alkyl group. Preferably the compound of 

formula I is tri-if-fiutylborane, tri-^-1>utylboTane, tritsopropylborane or trietfaylborane. Tributylborane 
is less preferred as it may give lower cure rate. Most preferred are triisopropyboiane and 
triethylborane espedally triethylboiane. 

15 The organosilicon compound may be based on a silane, silicone, silica gel, silazane, silatrane or 
silscsquioxane. Particularly suitable compounds may be represented by the following general 
formulae 11: 




20 

(H) 

in which: 

a, q, are independ^tly equal to 0 or 1; 
25 b, c, d, e, f, g, i, ^ p, are independently equal to or higher than 0; 

(a, c, e, g, k, cannot be all equal to 0 at die same time. At least one of them should be higbcrthan 0 
and at least one of the b, d, ( i, p ^uld be equal to or higher than 1). 

each R^ independently represents a hydrogen atom or a hydroxyl group or an alkyl (e.g. isopropyl, 
30 isobutyl, isooctyl, piopylisobutyl, elc.), halogen alkyl, glycidyl alkyl. acrylallgri, (meth)aa]^alkyl, 
alko)^, alkoxyaU^l. alkcnyl, cyckialkyi (eg. cyclohcxyl, propylcydtAexyl. etc.), aiyt 
alkyloxyaiyl, aryhucyalkyl or alk^oxycycloallgrl group, each of vdiidi may be optionally 
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substituted by one or more primaiy, secondaiy or tertiary amino groups and/or other functional 
groups such as hydroxyls, carbonyls; and 

each X (which can be monovalent or divalent depending on the vahies of a, c, d, e, f, g, i, k, and q) 
independently represents a group of the general formulae (111) and (IV): 
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monovalent X 
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divalent X 
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in vAiidk R* represents an alkylene. aUoBn^ phenylene or cydoalkylene group; and each of and 
5 R' independently represents a hydrogen atom, a Iqrdroxyl group, or an alkyl. aiyl. silylalkyi. 
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silylaryl. cycloaUcyl, aiylalkyl. alkylaryl, cycloalkylalkyl, alkylcycloalkyl, eterocyclic (saturated or 
unsaturated), phenyl (Ph-). phenoxy (Ph-0-), or Ph-(C=0)- group each of which may be optionally 
substituted by one or more primary, secondaiy or tertiary amino groups and/or other functional 
groups such as hydroxy Is. carbonyls, etc.. and can independently be also R\ R*^ can be a 
5 "cyclic" group that means a closed ring hydrocaibon group that is classified as an alicyclic group, 
aromatic group, or eterocyclic (saturated or unsaturated) group and each one of thSil can be mono-, 
di-, tri-, tetra-. penta-substitutcd by R^ or R^ groups (structures lllc, Ule, IVc and IVc described 
only the mono-substituted derivatives). X can also contain organic groups or organic linking groups 
can inchide heteroatoms (e.g. 0, S, Si atoms) sudi as in the case of heterocyclic compounds as well 
10 as functional groups (e.g. caibonyl, hydroxyl groups, etc). 

can be a "cyclic" of the stiucture -Si(R^[SKRVNH-]a-Si(R^ . where n is equal to or higher 
than 1. 

IS in which L represents: 

A monovalent or divalent (depending on the values of the a, b. c, e, g, k, p and q) group and can be 
independently selected from any of the groups representing the X group or it can also be R^ or R^ or 
R* or R^ or R^or R^ or any polymeric/oligomeric organic mono- or di-radical. 

20 in which Z represents: 




where eveiv silicon atom forms a bond (represented by the dashed lines on the above drawing) with 
either X or R^or R'* or R' and at least one silicon atom must be bonded with one X. 

25 

Preferably the amino group of the complex is a primary or a secondaiy amino groups. With teitiacy 
amino groups it may be more difficult to form the complex if at alL 
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In the organosilicon compound, and elsewhere throughout this specification and claims except 
where otherwise stated, any alkyl moiety preferably has 1 to 10, preferably 1 to 6, and most 
preferably 1 to 4 carbon atoms; an alkyl moiety may for example be a methyl group; any aryl group 
is preferably a phenyl group; and any cycloalkyi group preferably has from 5 to 8 caibon atoms. 

5 

High molecular weight silicon compounds may be used, for example compounds taving a 
molecular weight up to 6,000,000. In high molecular weight compounds, m plus n may for example 
be up to 70,000. 

10 Typically the otiganosilicQn compound may have the fomnda derived from the general formula II 
forb=l,c'=l,q=landa,d,c,f,g, i, k,p,q are all indqwidently equal to 0 and where X and 
groups are as deOned here before. 

Typically the organosilicon compound may have the fommla derived fit}m the general formula n 
15 for b=l, c>l, Ol, lc=l, p=i and a, d, f, g, i, q are all independently equal toO and where X and 
groups are as defined here before. 

Typically the organosilicon compound may have the fomula derived from the general formula 11 
for a=l, b=l and c, d, e, t g, i, k, p, q are all independent^ equal to 0 and where X group is as 
20 defined here before. 

One preferred group of silicon compounds described by the general formula H, are sflanes, vMch 
contain primary or secondary or tertiary amino groups or combinations thereof Examples of 
suitable silanes are represented by the following formulae: 




N I 



3-(2-ainmoetlviainmo)propyltrimetboxy silane 



30 
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3-(2-aininoethylaniiix>)propyltriethoxy silane 




(3-aniinopropyl)triii]elhoxy silane 



10 



JSC 



,NH2 



(3-aminopiDpyl)triedioxy silane 



15 



sr jiHz 



(amiiiomethyl)trimellioxy silane 



20 




(aniinoniethyl)trietliaxy silane 
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i 



O 

J- H 




S (NH:yclohexylaminoinethyl)trimethoxy silane 




1 0 (N-cyclohexy laminomethyl)triethoxy silane 



H 




1 5 (N^heoylaminomethyOtrimethoxysilane 




(N-i)henylaininomethyl)iiiethyldiinethoxysilane 
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H 



Bis[(3-triniethoxysilyl)propyl]ethylenediaiiiiae 



N-(3-tricthoicysiIyIpropyI)4,5-dihydroimidazole 

10 



SL ^ .,^J /0> 



H i 
O. 




15 2-(trimethao^ilyIetbyl)pyridine 




20 Bis(p-aimnophenoxy)diinethylsilane 
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OH 



Aminopropyltiihydroxysilane 




Ureidopropyltrimethoxysilane 



'^A'''"''^ Nil, 



10 



IIREIDOPROPYLTRIETHOXYSILANE 



IS 



Other compounds that are described by the general formula U are: 



HN 



- s/ 



4v 



Octamethylqicloletrasilazane 



20 
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H2N 



SI 



SI 



NH2 



1 ,3-Bis(3*aininopropyl)tetramethy]disiloxane 

5 The organosilicon compound of the general fonnula (D) may be an organofimctional silicone fluid. 
Such compounds may be represented by the following fonnula, which may contain one or more 
organic groiq)s X in the positions shown: 



in which x and y are mtegers. 

The organosilicon compound of the general fonnula (11) may be an organofimctional silica gel. 
Such compounds may be represrated by the following formula. 



20 in which f and g are each one higher than 0. 

Alternatively, the organosilicon compound may be a so-called Polyhedral Oligomeric 
Polysilsesquioxane (POSS) bearing at least one organic group X. POSS materials are classified as 
nanostructured chemicals, and arc the smallest particles of silica possible. However, unlike silica, 
25 silicones, or fillers, each POSS molecule contains non-reactive organic fimctionalities for solubility 
and compatibilization of the POSS nanostructure with polymers, biological systems, and surfaces. 
In addition, POSS nanostructured chemicals can contain one or more covalently bonded reactive 
functionalities suitable for polymerization, grafting, surface bonding, or other transfoimations. 
Typical generic chemical structure is as follows: 



10 




15 
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whCTC the X ' is the same as X; is the same as or or R* or or X. 
5 Typical such compounds finding utility in the present invention inchide: 



10 




where '*v^ere R is alkyl, aminoalkyl, cycloaUcyi, aryl, amine substituted cycloalkyl or amino group 



and 




H 



1 S where R is alkyl, aminoalkyl, cycloalkyl, aiyl, amine substituted cycloalkyl or arogroup. 
A typical example of a silatrane compound is the following: 
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Hydroxyethoxysilatranc 

5 

Some specific anuno-silicon compounds are: 

I. N<2-AMINOETHYL)-3.AMINOPROPYLSlLANETRIOL 

10 2. N-AMINOETHYL-AZA-2A4-TR1METHYLSILACYCLOPENTANE 
CAS Number [18246-33-8] 

3. AMINOMETHYLTRIMETHYLSILANE 




15 

4. 3-AMlNOPROPYLDIlSOPROPYLETHOXYSILANE 
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O 



5. AMINOPROPYLSILANETRIOL 



>^ ✓OH 



6. 3-AMINOPROPYLTRlMETHYLSlLANE 



KN ^ "a: 



5 

7. BlS(i>-AMINOPHENOXY)DIMETHYLSlLANE 



KM, 



8. (Ht-BUTYLDlMETHYLSILYL)HYDROXYLAMINE 
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^4, 



9. 1,1^3^^.HEXAMETHYLCYCL0TR1S1LAZANE 



I I 



10. OCTA(AMINOPHENYL)-T8-SILSESQUIOXANE 




1 1 . OCTAMETHYLCYCLOTETRASILAZANE 
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12. AMINOETHYLAMINOPROPYLSILSESQUIOXANE 
CAS Number [29159-37-3] 

5 

13. AMINOETIIYIj\MINOAmm/SILSESQUK>XANE 
CAS Number P07308-27-8] 

10 14. TRlS(CYCLOHEXYLAMINO)MErHYLSILANE 



1 5. NK2-AJ^OETHYL)-3-AMlNOISOBUTYLDIMETHYLMETHOXYSlLANE 
CAS Numba [ 31024-49-4 ] 

15 16. AMINOPROPYLSILANOL 

(HzNCsHiSiOi j)n Available as A-1 106^S-142 fiom Genual Electric 

17. amino-POSS compounds as: 

20 Aminoediylaminoprap^Isobutyl-POSS 

CnHwNiOijSi. 
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0-siX; o^si 

R-Si/ ^Si— \-R 
0 \ 0/ 
Si-0 °SI-0 

R = GHj CHCH3 



CHjCHjCHjNHCHjCHjNHj 



The con^unds that can be used in forming complexes with substances of the general fonnula (I) 
may also be a mixture of at least two of the above-mentioned typical organosUicon conywunds. 

The complexes of the present invention may be prepared for example by contacting a solution of the 
oiganoborane compound of the general formula (I) with the oiganosilicon compounds of the general 
formula II, suitably under an inert atmosphere, with cooling if required. 



10 In the complexes according to this invention the ratio of bonm atom (organoborane) to nitrogen 
atom (con^lexing agent) can be as low as 0.01 : 1 (ratio B:N), preferably higher than 0.3: 1 and most 
preferably 1:1. In certain of the complexing agents described by the general foraiula II, this ratio 
can be higher than 1:1 (e.g. 3:1, 7:1, 10:1, 21:1, etc.) depending on the molecular weight of the 
these complexing agents. The higher the molecular weight, the more this ratio can deviate from the 

IS 1:1 towards higher number of boron atoms to 1 nitrogen atom. 



The complexes according to the present invention are air stable and can be utilized as 
polymerisation initiators for radically polymerisable monomeR or oligomers, and accordingly the 
present invention provides a polymerisable composition which comprises a complex according to 

20 the invention and at least one radically polymerisable monomer and/or oligomer. Such compositions 
find application as» for example, paints, coatings, sealants, inks, primers, stain blocking 
compositions, mouldings and, especially, adhesives. Such materials, especially when used in 
adhesive applications, are commonly formulated as two-part products in which the two parts are 
mixed together as required to initiate curing. Accordingly, tbe invention also provides a two-part 

25 polymerisable composition, in which a first part comprises a complex according to the invention 
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and a second part comprises at least one radically polymerisable aiODomer and/or oligomers. The 
invention flutber provides a method of adhesively bonding two substrates together, which 
comprises applying a polymerisable composition according to the invention (which may involve 
mixing together the two parts of a two part polymerisable composition) to a first substrate, 
S positioning a second substrate (that may or may not be coated with the polymerizable product) in 
contact with the first substrate via said product, and allowing or causing the product to cure. 
Although substrates of suc&ce energy higher than 40-45 mJ/af can be bonded (e.g. stainless steel, 
iron, aluminium, copper, tin, lead, glass, polypropylene oxide, polyethersulfoae, etc.), the invention 
is paiticulariy useful for adhesively bonding together low sur&ce energy substrates or in cross 

10 bonding a low surface enaqgy substrate with dififerent substrates (e.g. metals). Thus, preferably at 
least one substrate is a low sur&ce energy substrate. A low surface energy substrate generally has a 
sur&:e energy of less than 50 mJ/m^, less than 40 nJ/m^ or even less than 35 mJ/m^ Included 
among ^ recognized low sur&ce energy substrates are materials like polyethylene, polypropylene, 
copolymers of a-olefms, and fluorinated polymers such as polytetrafluoro^ylene. Other polymers 

1 5 that can be bonded include polycarbonate, poly(methy 1 methacrylate), aciylonitrile-butadiene- 

styrene as well as other potymers and plastics with higher surface energy. However the invention is 
not limited to bonding of low surface energy materials. The compositions may be used to bond any 
thermoplastics, thermosets as well as wood, composites, ceramics, glass, concrete, and metals. 

20 The invention further provides the use of a complex according to the invention as an initiator for die 
polymerisation of a radically polymerisable monomer or oligomer. 

Preferably the second part of a two-part polymerisable composition according to the invention also 
includes a decomplexing agent capable of releasing the organoborane compound from the complex 

25 such that, on mixing of the two parts, the decomplexing agent reacts with the organosilicon-based 
organoborane compound, liberating as a result the organoborane compound. The oi^ganoborane 
compound in turn initiates polymerisation. Any compound capable of releasing the boron 
compoimd^from the complex may be used as decomplexing agent Examples of such compounds 
can be found in WO 99/64475, WO 00/56779. Preferable examples include acids; (Lewis acids i.e. 

30 SnCl4t TiCU and the like, BrOnsted acids [e.g. mono- or poly<aibQxylic acids saturated or 
unsaturated], HCl, H2SO4, U3PO4, phosphonic acid, phosphinic add, silicic add and the like), 
mono- or poly-caiboxylic add esters (saturated or unsaturated), anhydrides^ isocyanates, 
cyclocaibonates, aldehydes^ add chlorides, sulphonyl chl<mdes, and epoxies. Particulariy 
favourable are decomplexeis based on multi-functional aldehydes, containing more dian one 

35 aldehyde group, eg terephtfaaloyi dicarbaxaldehyde. 

The decomplexing agent- according to the present investigation is employed in an effective amount 



wo 2005/044867 PCT/EP2004/052«98 



23 

and can also be a mixture of at least two decomplexers; that is an amount effective to promote 
polymerization by liberating organoborane from the complex, but without materially adversely 
affecting the properties of the ultimate polymerized composition. If lai^ger amounts of these 
decomplexere are employed, this may speed-up polymerization in such an extend that in the case of 
5 adhesives, the resulting materials may demonstrate inadequate adhesion to low surfece energy 
surfaces. However, a reduced amount of these decomplexers may be hclpfiil in slowing down the 
rate of polymerization if it is otherwise fast. Within these parameters, the ratio of the equivalents of 
the decomplcxer to those of 4c wganoborane can be from 0.01 to 5:1 (ratio decomplcxen 
organoborane), more preferably fiom 0.05 to 4:1 and most preferably from 0,1:1 to 2:1. 

10 

Vin^c compounds, as alkenyl or styrenic compounds can function to extend die open time of the 
applied mixed composition. We have found the use of such open time extenders results in useful 
times of 10 minutes or greater handling time, in combination with the silicon amine organo-borane 
complexes of present invention, without compromising final full strength. Preferred such compound 
15 is 4-methylstyene [4-MS]. 

In an alternative embodiment, the polymerisation reaction may be initiated by supplying an 
appropriate form of energy to the system [the initiator (organoborane/organosilicon complex) may 
or may not be in a separate part to Ae polymerizable monomers] comprising the polymerisable 

20 composition, the energy being sufficient to release the boron con^wund fiom the complex. Suitably 
the energy is supplied by heating, or by Ac application of actinic radiation or by electromagnetic 
radiation or by magnetic radiation, electrical current, ultrasounds, ultraviolet radiation combinations 
thereof or any other means that result to the aforementioned specie of radiation or heat. This, in the 
case of adhesive formulations pemiits the development of one-component adhesives the curing of 

25 which can be triggered by any of the aforementioned energy sources. 

The polymerization rate which is a cmcial parameter for the effectiveness of the compositions 
described in this embodiment, can be tuned according to the type of the applicator i.c a faster 
polymerization rate could be acconamodated by using a high-speed automated industrial adhesive 
30 applicator whilst a lower polymerization may be desirable for applications where the adhesive needs 
to be applied either by a hand applicator or to be mixed manually. Preferably a composition 
according to the invention contains sufficient complex to provide 0.001 to 10%w, preferably 0.002 
to 7.0%w, and most preferably 0.003 to 5.0% of boron, based on the total weight of the 
composition. 

35 

In another aqiect of the present invention, the org^oborane/organosilicon compound complex can 
be used as a primer. In this case, a composition comprising a novel complex according to the 
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invention is applied to the surface of a substrate, typically a low surface energy substrate. In a 
second step, a composition comprising a radically polymcrisable monomer or oligomer is applied to 
the thus-primed surface, followed by application of a second substrate that is or is not similarly 
treated. 

5 

In yet another aspect, a composition comprising a complex accordmg to tiie invention together with 
a radically polymcrisable monomer or oligomer is applied to the surface of a substrate^ typically a 
low surface energy substrate and left to cure, which renders the substrate bondable widi 
conventional adhesives. 

10 

In another aspect, the newly prepared complexes can be used in stain blocking compositions 
comprising a stain blocking material as those described in essence in US 5,952,409 (cLg. sulfonated 
aromatic polymers, polymers that arc derived from at least one or more (a- and/or b-sufastituted) 
acrylic acid monomers and hydrolyzcd copolymers of at least one or more ethyllenically 
15 unsaturated monomers and maleic anhydride, blends of at least two or more of these polymers, 
reaction products of at least two or more of the monomers from which these polymers may be 
derived and at least one or more of the polymers and materials obtained by polymerizii^ at least 
one or more of the monomers in the presence of one or more of the polymers, to mention some). 

20 The compositions of the invention may also, if required, include a mixture of two or more 
organosilicon organoborane complexes in combination with a solvent and/or reactive or non- 
reactive diluent 

The polymerizable compositions of the invention may be used in a wide variety of ways, including 
25 as sealants, coatings, inks, primers, to modify the surface of polymers and injection molding resins. 
They may also be used as matrix resins in conjunction with glass and metal fiber mats such as in 
resin transfer molding operations. They may further be used as encapsulants and pottirig compounds 
such as in the roanufiicture of electrical components and printed circuit boards. Quite desirably, diey 
provide polymerizable adhesive compositions that can bond a diverse myriad of substiates, 
30 including polymers, wood, ceramics, concrete, glass and metals. Another desirable rebtcd 
application is thdr use in promotiog adhesion of paints to low sur&ce energy substrates such as 
polyethylene, polypropylene, polyethyleneterephthalate and polytetrafluoroethylene and their co- 
polymers. In tfiis embodiment the composition may be coated onto the sur&ce of the substrate to 
modify the sur&ce to enhance the adhesion of the final coating to the sui£u:e of the substrate or 
3S added to the coaling itself. 
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The compositions of the invention can be used in coating applications. In such applications the 
composition may further comprise a diluent. The coating may further contain additives well known 
to those skilled in the art for the use in coatings such as pigments to color the coating, inhibitors and 
UV stabilizers. The compositions may also be applied as powder coatings and may contain the 
5 additives well known to those skilled in the art for use in powder coatings. 

The compositions of Ae invention can also be used to modify the surface of a polymeric molded 
part, extnided fihn or contoured object Compositiras of the invention can also be used to change 
the functionality of a polymer particle/article by suifece grafting of polymer chains onto the 
1 0 unmodified plastic surface. 



Pofymerizable Monomers/Oligomers 

The inventiwi is adapted to a variety of polymcrizabk compositions and includes any monomers, 
oligomers, polymers or mixtures diereof which contain olefinic unsatuiation (characterized by the 

15 presence of a group), which can be polymerized by fiee radical polymerization caused by 

the organoborane liberated from the organosilicone-bascd organoborane csomplex. Such compounds 
are well known in the art. U.S. Pat 3,275,611, U.S. Pat 5,690.780, U.S. Pat 5,795.657. U.S. Pat. 
5,872,197, U.S. Pat 5,286,821, U.S. Pat 5,681,910. WO 03/040151, WO 00/56779. WO 99/64475. 
WO 03/057791, to mention some as well as the literature (patents, papers, books, etc.) mentioned 

20 by them, provide a description of such compounds. Among preferred classes of compounds 
containing olefmic unsaturation are for example ethylene, propylene, butylenes. isobutylene, 1- 
octene, l-^Iodecenc, l-heptadeccne, l^icosene; vii^I compounds such as styrene, vinyl pyridine, 5- 
mcthyl-2-vinylpyridine, vinyl naphthylene, alpha methylstyrene; vinyl and vinylidiene halides; 
aciylonitrile and methaciylonitrile; vinyl acetate and vinyl propionate; vinyl oxyethanol; vinyl 

25 trimethylacetate; vinyl hexanoate; vinyl lauiate; vinyl chloroacetate; vinyl stareate; methyl vinyl 
ketone; vinyl isobutyl ether; vinyl ethyl ether, compounds that have a pluraUty of cthylenic bonds 
such as those having conjugated double bonds such as butadiene, 2-chlorobutadienc and isoprene; 
acrylates and methacrylates such as methyl methaaylatc, methyl acrylatc, butyl mcthacrylate. t- 
butyl methacrylate. 2-ethylhexyaciylate, 2-ethylhcxylmethacrylate, ethyl acrylate, isobomyl 

30 methacrylate, isobomyl acrylatc, 2-hydroxycthyI mcthacrylate. glycidyl methacr^, 

tetrahydrofurfiiryl nwthacry late, acrylamidc, n-mcthyl acrylamidc, and other similar acrylate or 
methacrylate containing monomers that can be mono and/or poly-fimctional and can contain apart 
from hydroxyl, amide and cyano groups, chloro and silane substituents. Also useful for the class of 
acrylate tipped polyurethane prcpolymcrs availabte Gommercially fix>m several sources and 

35 prepared by reacting an isocyanate reactive acrylatc monomer, oligomer or polymer such as 
hydroxyl aciylate, wth an isocyanate functional piqiolymer. 
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Certain acrylic or methacrylic monomer combinations have been found to be particularly 
advantageous in providing polymerizable compoations having less odor. Such monomer 
combinations preferably comprise about 10-90% wAv on total weight of the monomer blend, 
tetrahydrofuifiiiyl methaciylate; 5-80% w/w on total weight of the monomer blend, of one or more 
5 monomers selected from the group consisting of 2-ethylhexyl methaciylate, 2-cthylhexyl 
methacrylate, 2-cthoxyethyl methaciylate, cyclohexyl methacrylate, isobomyl methaoylate, 
isooctyl acrylate and isooctyl methacrylate; and 0-70% w/w on total weight of the monomer blend, 
of one or more monomers selected from the group consisting of isobutyl methacrylatei n-butyl 
methacfylate, cyclohexyl methaciylate. cyclohexyl acrylate,- n-hexyl methacrylate, isobomyl 
10 methacrylate, isodec^l methaoylate and isodecyl aaylate. 

Another class of polymerizable monomers usefiilin the conqiositions of the present invention 
correspond to (fae following general formula 




R' is selected from the group consisting of chlorine, methyl and ethyl; R" is selected from the 
group consisting of hydrogen, hydroxyl and 



O 




25 

m is an integer equal to at least 1, e.g. from I to 8 a* higher and preferably from 1 to 4 inclusive; n 
is an integer equal to at least 1. e.g. from 1 to 20 or more; and p is 0 or 1. Monomers that come 
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within the above general formula include for example, ethylene glycol dimethaciylate, ethylene 
glycol diacrylates, polyethylene glycol diacrylates, tetra^ylene glycol dimethacrylate, diglycerol 
diaciylates, diethylene glycol dimethacrylate, pentaerythritol triacrylate. trimethylpropane 
trimethacrylate and other polyether diacrylates and dimethacrylates. This class of materials is 
5 described in essence in U.S. Pat. 5,106.928 and U.S. Pat 3,043,820. 

Another class of polymerizable monomers useful in the present compositions corresponds to the 
following general formula: 

wherein R represents hydrogen, chlorine, methyl, or ethyl; R' represents alkylene with 2-6 carbon 
atoms; and R' * represents (CH2)m in which m is an integer of fiom 0 to 8, or 

15 

6- K K 

H R"* H / 

H H 

n represents an integer of from 1 to 4 and R'" is methyL Typical monomers of this class include. 

20 for example dimethylaaylate of bis(cthylene glycol) adipate, dim^ylacrylate of bis(cthylcne 
gIycol)maleate, dimethylacrylate of bis(clhylcne glycol) phthalate, dimethylacrylate of 
bis(tetraethylene glycol) phthalate, dimethylacrylate of bis(tctraethylcne glycol) sebacate, 
dimcthylacrylates of bis(tctracthylenc glycol) malcatc and the diaoylates and chloroacrylatcs 
cofiesponding to said dimetbaciylates and the like. This class of polymerizable monomers are 

25 described in essence in U.S. Pat 5.106,928 and U.S. Pat 3,457;2IZ 
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Another usefiil class of polymerizable monomers in the compositions of the (nesent invention 
include monomers which are isocyanate-Jiydroxyaciylate or isocyanate-aminoacrylate reaction 
products which may be characterized as acrylate terminated polyurethanes and polyureides or 
polyuieas. These monomers correspond to the following general formula: 



H 



J n 



where A is selected from the group conasting of -O- and >N-R\ and is a member selected from 
the group consisting of hydrogen and lower aDcyl of 1 to 7 caibon atoms; N iqiresents the organic 

10 residue of an active hydrogen containing acrylic ester wherein the active hyibogen has been 

removed, die ester being hydroxy or amino substituted on the alkyl portion thereof and die methyl, 
ethyl, and chlorine homologs thereof; n is an integer from 1 to 6 inchisive; L is a mono- or 
polyvalent organic radical selected from the group consisting of alkyl, alkylene, alkenyl, cycloalkyl, 
cycloalkylene, aryl, arylalkyl, alkylaryl, poly(oxyalkylene), poIy(carboalkoxyalkylene) and 

1 5 heterocyclic radicals both substituted and imsubstituted. Typical monomers of this class include the 
reaction product of mono- or poly-isocyanate, for example, toluene diisocyanate, with an acrylate 
ester containing a hydroxy or an amino group in the non-aciylate portion thereof, for example, 
hydroxyethyl methacrylate. The above class of monomers are described in essence in U.S. Pat 
5,106,928 and U.S. Pat. 3,426,988. 

20 

Another class of monomers useful herein are the mono- and poly-aoylate and mediacrylate esters 
of bisphenol-type compounds many of which are widely available. These conqx>unds can be 
described by the following formula: 




where R' is methyl, ethyl, caiboxyalkyl or hydrogen; R^ is bydrogoi, mediyl or ethyl; R^ is 
hydrogen^ methyl or hydrogen; R^ is hydrogen, chlorine, mediyl or ethyl, and n is an integer having 
a value of 0 to 8. Representative monomers of the above-<!escribed class indude: dimetbaciylate 
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and diaciylates esters of 4,4*-bis-hydroxyethoxy-bisphenol A, dimethacrylate and diacrylates esters 
of bisphenol A, etc. These monomers are essentially described in Japanese Patent 70-15640 and in 
WO 5.106,928. 

5 The (meth)acrylates used herein are known compounds and some are commercially available, for 
example from the S ARTOMER Company under product designations such as SR*203, SR®295, 
SR*350, SR*351, SR®367, SR®399, SR®444, SR*454 or SR^9041. 

Suitable examples of di(meth)aciylates are the di(medi)acrylates of cycloaliphatic or aromatic diols 
10 sudi as 1,4-dihydroxymcthylcyclohcxane, 2;i-bis(44iydroxy-cyclohexyl)propanc, bis(4- 

hydroxycyclohcxyl)methane, hydroquinonc. 4,4*-dihydroxybi-pheayl, Bisphenol A, Bisphenol F, 
bisphenol S, ethoxylatcd or propojQflated Bisphenol A, cthoxylated or propoxylated Bisphenol F or 
ethoxylated or propox^ed bisphenol S. IX(meth)aciylates of this kind are known and some are 
commercially available. ' 

15 

Other di(meth)acrylates which can be employed are compounds of the formulae (VI), (YD), (VIII) 
or (DO 
(VI). 

(VU). 

20 (VIU). 
(VIII) 
in which 

R9 is a hydrogen atom or methyl, 

Y is a direct bond, Ci-Cfialkylene, -S-, -0-, -SO-, -SQr or -CX)-, 
25 Rio is a Ci-Cgalkyi group, a phenyl group which is unsubstituted or substituted by one or more 
Ci-C4alkyl groups, hydroxyl groups or halogen atoms, or is a radical of the formula -CHrORn in 
which 

Ri I is a Ci-Cgalkyi group or phenyl groiq), and 
A is an alkylene group or a group of &e formula 

30 

Fuithcr examples of possible di(meth)acrylalcs are compounds of the formulae (X\ (XIX (XII) and 
(XIII) 

(X) . 

(XI) , 
35 (XII). 

(XIII) 
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These compounds of the formulae (VI) to (XIII) are known and some are commercially available. 
Their preparation is also described in EP-A-0 646 580. 

Examples of commercially available products of ttiese polyfimctional monomers are KAY ARAD 
5 R-526, HDDA, NPGDA, TPGDA, MANDA, R-551, R-712, R-604, R-684, PET-30, GPO-303, 
TMPTA, THE.330, DPHA-2H. DPHA-2C, DPHA.21, D-310. D-330, DPCA-20;«PCA-30. 
DPCA-60, DPCA-120, DN-0075, DN-2475, T-1420, T-2020, T.2040, TPA.320, TPA-330. RP- 
1040, R-01 1, R-300, R-205 (Nippon Kayaku Co.. Ltd.). Aronix M-210, M-220, M-233, M-240, M- 
215, M- 305,M-309,M-310, M-315. M-325. M-400, M-6200, M-6400 (Toagosci ChOTiical 

10 Industiy Co. Ltd.), Ught acrylatc BP-4EA, BP-4PA, BP-2EA, BP-2PA, DCP-A (Kyoeisha 
Chemical fadustiy Co., Ltd.), New Frontier BPE-4. TEICA, BR^2M, GX.8345 (Daichi Kogyo 
Seiyaku Co., Ud.), ASF-400 (Nippon Steel Chemical Co.), Ripoxy SP-1506, SP-1507, SP-1509, 
VR.77, SP-4010, SP-4060 (Showa Highpolymer Co., Ltd.), NK Ester A-BPE-4 (Shin-Nakamura 
Chemical Industiy Co., Ltd,). SA-1002 (Mitsubidii Chemical Co., Ltd.). Viscoat-195, Viscoat-230, 

15 Viscoat-260. Viscoat-3 10, Viscoat-214HP, Viscoat-295, Viscoat-300, Viscoat.360, Viscoat-GPT, 
Viscoat-400, Visooal-700, Viscoat-540, Viscoat-3000. Viscoat-3700 (Osaka Organic Chemical 
Industry Co^ Ltd.). 

Other (mcth)acrylate compositions arc those in v/tkh the free radically curable craiponent contains 
20 a tri(metfa)aciylate or a penta(mcth)acrylate. Examples of suitable aromatic tri(ractti)acrylatcs are 
the reaction products of triglycidyl ethers of trifaydric phenols and phenol or cresol oovolaks 
containing three hydroxyl groups, with (meth)aciylic acid. 

Vinyl ethers that can be used as a radically polymcrisable compound in the present invention 
25 include e%l vinylether, n-propyl vinylether, isopropyl vinylether, n-butyl vinylc&cr, tsobutyl 
vinyleth»i octadecyl vinylether, cyclohexyl vinylether, butanediol divinylethcr, 
cyclohexancdimethanol divinylethcr, diethyleneglycol divinylethcr, triethyleneglycol divinylethcr, 
tcrt-butyl vinylether, tert-amyl vinylether, ethylhexyl vinylether, dodecyl vinylether, cthyleneglycol 
divinylethcr, ethylene- glycolbutyl vinylether, hexanediol divinylethcr, triethylen^ycol 
30 melhylvinyiether. tetraethyleneglycol diviny letfao; trimetbylolpropane trivinyletfaer, aminopropyl 
vinylether^ dicthylaminoethyl vinylether, ethylene glycol divinyl ether, polyalkyknc glycol divinyl 
ether, alkyl vinyl ether and 3,4-dihydiopyran-2-nicthyl 3,4-dihydropyran-2-carboxylatc 
Commercial vinyl ethers include the Pluriol-E200 divinyl ether (PEG200-OVE). poly-THF290 
divinyledier (PrHF290-DVE) and polycthylcn^J[ycol-520 methyl vinyleftcr (MPEG500-VE) all of 
35 BASF Corp. 
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Hydroxy-functionalised mono(poIy)vinylethers include polyalkyleneglycol monovinylelbers, 
polyalkylene alcohol-terminated polyvinylethers, butanediol monovinylether, 
cyciohexanedimethanol monovinylether, ethylcneglycol naonovinylether. hexanediol 
monovinylether, diethylencglycol monovinylether. 

5 

Another class of vinyl ethers that are suitable for mclusion are all those included itrUS 5^,087, 
which is incoipmted herein by reference. More preferred are aromatic or alicyclic viiqfi ethers. 
As an cxaii5)k, commercial vinylethers include Vectomer 4010, Vectomer 5015, Vectomer 4020, 
Vectomer 21010 and Vectomer 2020 of Allied Signal Coip., Monistown, NJ. Most prefiared are 
10 Vectomer 4010 and Vectomer 501 5. 

Another class of polymcrisable monomers inchides vinyWimctionalized silicones (vin^^oxanes), 
vinyl functionalized silatranes, vinyl functionalized alpha- or gamma-silanes and vinyl 
functionalized ROSS compounds. To mention some, typical examples of vinylsUoxanes are: bis(m- 

15 allylphenyldimethylsilyloctyOtetramethyldisiloxane (S1B1021.0) and the like, supplied by ABCR 
GmbH & Co. KG. and X-22-164B, X-22.164C, X.22-5002, X22.174D (modified silicone fluids) 
and the like siqjplied by Shin-Etsu Chemical Co., Ltd.. Typical example of vinyl functionalized 
silatranes is the methacryloxypropylsilatrane (S1M6487.1) and the like supplied by ABCR GmbH & 
Co. KG. Typical examples of vinyl functionalized a- or y-silanes: styiylcthyltrimethoxyalane 

20 (S1S6990.0), mcfliacryloxymediyltrimethoxysilane (IM6483.0), 
mediaoyloxypiopyltriniefhoxysilane (S1M6487.4), 

methacryloxypropyltris(vinyldimethylsiloxy)silane (SIM6487.8), tetraallylsilane (S1T7020,0), 
noiboraenyltriethoxysilane (SIB0992.0), vinyltriethoxysilane (Geniosil GF 56) vinyltris(2- 
methoxyethoxy)silane (Geniosil GF 58), vinyltriacetoxysilane (Geniosil GF 62), (3- 
25 mehtacry loxypropy l)trimethoxy silane (Geniosil GF 3 1 ), 

(methacryloxymcthyl)methyldimethoxysilanc (Geniosil XL 32), 
(methacryloxymethyl)trimcthoxysilanc (Geniosil XL 33X 

(methacryloxymethyl)methyldiethoxysilane (Geniosil XL 34). (methaciy Ioxymethyl)trieflioxysilane 
(Geniosil XL 36), and tfic like supplied by ABCR GmbH & Co. KG and Wacker -Chemie GmbR 

30 Typical examples of vinyl functionalized POSS compounds are: styrenylisobutyl-POSS (ST1506), 
styrylcycloha^-POSS (ST1509), styiylcyclopentyl-POSS (STl 5 10. styrylisobutyl-POSS 
(ST1515). allylcyclohexyl-POSS (OL1099). allylcyclopcntyl-POSS (OLl 100). allylisotalyl-POSS 
(OLl 1 1 8), allyldimethylsilylcyclopentyl-POSS (OLl 105X cyclohcxenylethylcyclopentji-POSS 
(OLl 1 10). allylcyclohexyl-POSS (OL1099), allylcyclopcntyl-POSS (OLl 100), allylisabutyl-POSS 

35 (OLl 1 18), allyldimethylsilylcyclopentyl-POSS (OLl 1 05), cyclohexenylethylcyclopen^fl-POSS 
(OLl 1 10), all^isobutyl-POSS (OLl 1 18), allyWimethylsilylcyclopentyl-POSS (OLl lQ$)t 
cyclohexenylclhylcyclopentyl-POSS (OLl 1 lOX dimethylvinylcyclopentyl-POSS (OLl 1 14), 
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diphenylvinylcyclopentyl-POSS (OLi 1 17), monovinylcyclohexyl-POSS (OLl 122), 
monovinylcyclopentyl-POSS (OLl 1 20). monoviny!isobutyl-POSS (OLl 123), 
phenylmethylvinylcyclopentyl-POSS (OLl 125), tris(diinethyIvmyl)cyclopentyl-POSS(OLl 154), 
tris(dimethylvinyl)cyclopentyl-POSS (OLl 155), tris(dimetbylvinyl)isobutyl-POSS (OLl 1 19), 
5 trivinylsUylcyclopentyl-POSS (OLl 1 57), methacrylfluoro(3)cycIo[pentyl-POSS (MA0720), 
mediacfylfluoro(13)cyclopeiityl-POSS C^iA0730), methacryltrimethylsiloxycycltfp&ntyl-POSS 
(MA0740X methacryltrimcthylsiloxyisobutyWHDSS (MA0742). mcthacrylisobutyl-POSS 
(MA0702XmethaciyHsooctyl-POSS (MA0719). methaaylphcayl-POSS (MA0734X 
methaciyldisilanolcyclohexyl-POSS (MA0715), methaciyldisilanolcyclopcntyl-POSS (MAOTll), 

10 mediaciyldisilanolisobulyl-POSS (MA0713X methacryl-POSS cage mixture (MA0735), 
octamcthaayldimethylsilyl-POSS (MA0745). tris(mcthacryl)cycIohexyl-POSS (MA0747), 
trismethaaylisobutyl-POSS (MA0750), aciylocyclebexyl-POSS (MA0699), aciylocyclopenlyl- 
POSS (MA0700), aciyloisobutyl-POSS (MA0701), mefliaaylcyclohexyl-POSS (MA0704), 
methacrylcyclopentyl-POSS (MA0705), medsaoylethyl-POSS (MA0717), 

15 octacyclohcxcnyldimethylsilyl-POSS (OLl 1 59), octavinyldimethylsUyl-POSS (OLl 163), 

octavinyl-POSS (OLl 160), vinyl-POSS cage mixture (OLl 170) and tetra vinyl-T2 (OLl 150) and 
the like supplied by Hybrid Plastics (USA). 

With some known techniques, adhesion is obtained by special adhesives compositions i.e. silioon- 
20 based polymers or oligomers or hybrids (silicon/aciylics). Sometimes a siloxane oligomer is added 
to the aciylate oligomer and both are cross linked together via amine compounds. Behavior of such 
hybrid compositions may be difficult to predict Preferably the invention does not make use of that 
kind of oampositions. 

25 Preferably the amine functions of the organo-boron complex reacts with acrylate Actions to fimn 
Michael adducts of amine-aciyiic. Preferably the accylic part of the adhesive compoation according 
to the present invention is free of sik>xane or other silicon compounds especially the compounds 
able to polymerise together with die aciylic oligomer, momomer or polymer. 

30 Other, ingredients 

With some known techniques, adhesion is obtained by special adhesives compositions ic. silicoa- 
based polymeis or oligomers or hybrids (silicon/aciylics). Sometimes a siloxane oligomer is added 
to the aaylate oligomer and both are cross linked together via amine compounds. Behavior of such 
hybrid compositions may be difficult to predict; hybrid systems are complex and ensuring fiill cure 
35 is not easy; Moreov^, for adhesives composition silicon content must be limited to ensure proper 
adhesion^ Frefeiably the invention does not make use of that kind of compositions. 
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Preferably the amine functions of the organo-boron complex reacts with acrylate functions to form 
Michael adducts of amine-aaylic. Preferably the adhesive component contains is ftee of separate 
silicon compound such as silanol compounds. Acrylic compound m^ have silicon functions within 
the acrylic molecule. Preferably the adhesive part of the adhesive composition according to the 
5 present invention is fi^e of siloxanc or other silicon compounds especially the compounds able to 
polymerise together with the acrylic oligomer, momomer or polymer. ^ 

An epoxy-terminatcd amine-epoxy adduct, that is to say an adduct between one or more molecules 
containing at least two epoxy rings and one or more compounds containing at least one amine 
10 groups such that Acre is a st«A*iomctric excess of the cpoxy rings, Carboxylic acid anhydrides, 
carboxylic acids, phenolic nowolac resins, thiols (mercaptans), water, metal salts and the like may 
also be utilized as additional rcactants in tfie preparation of the amine-epoxy adduct or to further 
modify the adduct once the amine and epoxy have been reacted. 

15 Specific examples of suitable commercially available epoxy resins are those sold under the trade 
mark ARALDITE such as the MY-series (e.g. MY^SOO, MY-05 10, MY-050i, MY-720, MY-740, 
MY-750, MY.757. MY-790,MY.791, etc.), the GY-scries (e.g, GY-240, GY-250, GY.260, GY- 
261, GY-282, etc.) (HUNTSMAN (previously VANTICO A.G.. Switzerland), DER-324, DER-332, 
DEN-431, DER.732 (DOW Chemical Co., USA). EPON 813. EPON 8021, EPON 8091, EPON 

20 825, EPON 828, Eponex 1510, Eponcx 151 1 (SHELL Chemical Ca USA). PEP 6180. PEP 6769, 
PEP 6760 (Pacific Epoxy Polymers Inc. USA), NPEF-165 (Nan Ya Plastic Corporation. Rq)ublic 
of China), Ricopoxy 30, Ricotuff 1000-A. Ricotuflf-1 100-A, RicotuflF-1 1 10-A (RiconResins Inc., 
USA), Setalux AA-8502, Sctalux 8503 (AKZO Nobel, Nctherlanite), to mention just a few. 

25 Another useful adjuvant is a cross-linking agent Cross-linking agents can be used to enhance the 
solvent resistance of the adhesive bond or polymer composition. The cross-linking agent can 
increase the use temperature and the solvent resistance of the cured polymer or adhesive. Typically 
employed in an amount of 0.1 to 20% w/w based on the total weight of the compositions, uscfiil 
cross-linkers include the various diacrylates, referred to above as possible acrylic modifying 

30 monomers, and compounds with acrylate and isocyanatc fiioctionality as well as other materials. 
Particular examples of suitable cross-linking agents include ethylene glycol, dimcthaciylate, 
ethylene glycol diacrylates, triethylene glycol dimethacrylate, dietbylene glycol dimethacrylate, 
diethylene glycol bismethaoyloxy carbonate, polyethylene glycol diacrylates, tetraetlqrlcne glycol 
dimethacrylate, diglycerol diacrylates, diethylene glycol dUmethaaylate, pentaerythritol triaaylate, 

35 trimethacrylate tris(2-mcthyI-I-aziridincpropionalc, trimcthylolpropanc trimcthacrylale, acrylate 
tipped polyurethane contaimng prepolymers, polyetfier diacrylates and dimediacrylates. 
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The compositions of the present invention optionally include a phosphorous-containing compound 
having one or more olefinic groups and at least one P-OH group. This class of compounds is in 
essence described in p. 23-24, WO 03/040151. 

5 The compositions of the present investigation may also contain metal salts as those described in 
detail in WO 03/057791. These metal salts can modiiy the curing kinetics of a p(ft]^erizable 
composition and are known in the art as *^tal salt modifiers'*. 

The compositions may optionally contain a non-organoborane-based free ladical initiator (aerobic 

10 initiatorX which are well known in the art A non-oiganoboiane free radical initiator can readily be 
contained-in the polymerizable numomer part of a two-pait polymerizable compositioa. Prefened 
non-organoborane free radical initiators ate those, which do not readily react with monomer under 
shelf-aging conditions, or can be inhibited suitably to provide desired shelf stability of up to several 
months, if needed illustrative examples of suitable non-organoborane-based free radical initiators 

1 5 include organic peroxides and organic hydroperoxy initiators, particulariy those organic 

hydroperoxides having the formula R'OOH where in R* is a hydrocarbon radical containing up to 
about 20 carbon atoms, preferably an alkyl, aryl or arylalkyl radical of 1 up to 14 carbon atoms. 
Specific examples of such hydroperoxides are cumene hydroperoxide, tertiary butyl hydroperoxide, 
methyl ediyl ketone peroxide and peroxides formed by the oxygenation of various hydrocarbons 

20 such as methylbutene, cetane, and cyclohexane and various ketones and ethers. Other exanq>les of 
usefiil initiators include hydroperoxides such as p-mentfaane hydroperoxide, 2,5-dimethylhexane, 
2,5-dihydroxyperoxide and the like and also silyl-type peroxides. Some (not all) types of 
compounds that can be usefiil as aerobic initiators are also described in essence in US 4,043,982. 
Additionally, more than one non-organoborane-based fi:ee radical initiators may be employed, such 

25 as a mixture of hydroperoxides with peresters, such as t-butyl perbenzoate or /-butyl-peroxymaleate 
can be advantageously used. Cumene hydroperoxide is especially preferred 

The compositions of the invention may contain a reactive or non-reactive diluent to balance the 
volume of die two parts of the orasposition so as to achieve a commerdaUy acceptable vohnnetric 

30 ratio of the two components. Preferably the diluent is a reactive diluent Preferred reactive dihirats 
are isocyanate reactive compounds as in essence described in WO 03/038006, l,4-diox(K2-butBne 
fimctional^materials as in essence described in WO 00/56779, aziridine fimctional materials as in 
essence described in WO 98/17694 WO 99/64528, WO 99/64475, various types of waxes eg. 
petroleum [paraffin (crystalline) wax, mioDCiystalline wax and petroleum wax], v^etable (typical 

35 examples: carnauba wax, Japan wax, ouricury wax, rice-bran wax, jojoba wax, castor wax, baybenry 
wax, soy bean wax, eta) insect and animal (typical examples: beeswax, spennaceti wax, Chinese 
wax, wool wax, shellac wax, etcX mineral (^ical examples: montan wax, peat wax, ozokerite 
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wax. ceresin wax, etc), synthetic waxes (typical examples: polyethylene waxes, a-olefin waxes, 
carbowaxes. halowaxies, etc.), etc.. as in essence described in WO 03/035703, unsaturated 
hydiocaibons such as 2,6-dimethyl-2,4,6-octatriene and the like, and mosUy desirable any Uquid 
complex of those described by the general formula U. Another class of desirable diluents include 

5 those selected from certain ethers, epoxies, and hydrocaibons and more specifically 

poly(tetrahydn)furane). 2-haloalkyl phenyl ethers such as 2-bromoethyl phenyl ediSr, 2-chloro ethyl 
phenyl ethyl, glycidoxy alkyltrialkoxy silanes such as 3-glycidoxypropyltrimehoxysilane, certain 
glycidyl ethers such as glycidyl heptyl ether, glycidyl undecyl ether, glycidyl ether, glyddyl heptyl 
ether, pn^anediol diglycidyl edier. butencdiol glycidyl ether, «q«:lohexanc dimetfianol diglycidyl 

id ether, 2-ethyl hexyl glycidylether, l-ben^l-23-isopr(q>yli<tene-S/N-glycerol, and Ae like. Triglyme 
and tetn^yme aie particularly desirable. 

The compositions nu^ fintiier compnse a variety of optional additives. The various optional 
additives are employed in an amount that does not significantly adversely affect the polymerization 

15 process of the desired properties of compositions made Aerewifli. The quantity of thixotropic 

agent(s) is desirabfy adjusted so as to provide a dough, which does not exhibit any tendency to flow 
at room temperature. One particularly useful additive is a thickener such as medium to high (10.000 
to 1 .000.000 a.u.) molecular weight poly(methyl methacrylate) which may be incorporated in an 
amount of 0. 1 -60% w/w, preferably in an amount of 0.2-20% w/w, and most preferably of 0.4-10% 

20 w/w, based on the total weight of Ae composition. Thickeners may be employed to increase the 
viscosi^ of the cooqwsition to fecilitate application of the composition. Preferable materials of this 
class are poly(mediyl methacrylate) homo- and c<H)olymers undo- the trademaric ELVACTTE 
commercially available from Lucite International and also styrene/methyl methacrylate co-polymers 
and po^isphenol-A maleate or propoxylated bisphenol-A fumarate polyester (trademaric ATLAQ. 

25 It is also possible to add inert filling materials sudi as finely divided sUica, finned silica (treated or 
untreated) (e.g. tiatauune AEROSIL). montmoriUonitc, clay, bentonite and the like. The use of 
microionized silica would result in a paste-like thixotropic composition. Polymeric thickeners or 
other thidceners such as silicas may suitably be present -in a two-component composition- as a 
thickener for the dihient in the hardener's part 

30 

Another particularly usefiil additive is an elastomeric natwial. The materials m^ improve the 
fiacture toughness of compositions made thercwift vAich can be beneficial when, for exan^le, 
bonding stifit high yield strength materials such as metals substrates that do not mechanically 
absorb en«gy as easily as other materials, sufch as flexible polymeric substrates. Such additives can 
35 be incorporated in an amount of 5-50% w/w, based on the total weight of the composition. 

Prefeidily these dastomers of rubber polymers are those based on polyisoprenes. polybuladienes 
(homo- and co-pdymeis), polyolefines, polyurethanc, polyesters, etc. Typical examples of 
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elastomeric materials include homopolymers such as polybutadiene, polyisoprene and 
polyisobutylcne; dieoelype copolymers such as butadiene/styrene copolymer, 
butadicne/acrylonitrile copolymer, butadiene/methyl methaciylate copolymer and butadiene/aDcyl 
acrylate copolymer; cthykne/vinyl acetate copolymers; ethylcnc/alkyl acrylate copolymers (1-8) 
5 carbons in the alkyl gn>up), rubbery polyalkyl aciylates or copolymers thereof; polyurethan^ 
chlorinated polycthylaies; and EPDM (etfiylene/propylenc/diene teipolymers). TEc elastomcfs of 
these structures may contain a functional group at one or both ends or within a particular seg^nent or 
repeating unit of the copolymer. Among the suitable fiinctional groups are vinyl, epoxy; 
carboxyalkyl and mercapto groups. Other functional groiqis may be employed as deemed usefiil and 

10 upon proper experimeolation. Useful elastomeric modifiers indude chlorinated or 

chlorosulphonated pofyethylenes such as HYP ALON 30 and block copolymers of styrene and 
conjugated dienes (trademarks: VECHOR, KRATON, STEREON). Also useful and even mm 
prefened are certain graft copolymer resins such as particles that comprise mbber or rubber-like 
cores or networks that are surrounded by relatively hard shells, these materials often being referred 

15 to as "core-shell" polymers. Most preferred are the ac^ylonitriIe^utadiene/styrene and methyl 

methacrylate/butadien^styrene graft copolymers. In addition, to improve the fiacture toughness of 
the composition, core shell polymers can also impart enhanced spreading and flow properties to the 
uncured composition. These enhanced properties may be manifested by a reduced tendency for the 
composition to leave an undesirable "string'' upon dispensing from a syringe-type applicator, or sag 

20 or slump after having been applied to a vertical surface. Use of more than 10% w/w of a core 2^11 
polymer additive is desirable for achieving improved sag-slump resistance. Generally, the amount 
of toughening polymer used is that amount which gives die desired toughness to the polymer or to 
the adhesive prepared. 

25 The compositions of die invention can contain a heat management material. Any material, which 
functions to dissipate heat during polymerization, may be used. Examples of useful heat 
management materials include volatile liquids, which evaporate during the reaction as a result of 
al)sorbing:heat-generated heat, and materials, which react via an endothermic reaction under 
conditions of the reaction. Materials useful as heat sinks are materials with high heat capacities^ 

30 Examples of materials with hi^ heat capacities include ceramic particles, glass beads, 

fhioropolymcr powdeis (e.g. TEFLON powders) and hollow spheres, in the case of adhesives the 
role of glass beads and hollow spheres can be also diat of bond spacer controllers. Usefiil liquid 
materials include, chlorinated alkanes, dialkyi ethers, alkanes, methylene chloride and low boiling 
point petroleum etheis. More preferred solvents include methylene diloride, diethyl ether, penlane 

35 and hexane. The amount of heat management material used is dependent on the taiget reaction 

temperature and the heat capacity of the heat management material. The heat of reaction can also be 
impacted by slowing down the rate of mudng thereby allowing for slower heat generation. 
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Preferably the average temperature of the adhesive (when the curing of the later is not triggered by 
heating, or by the application of actinic radiation or by electromagnetic radiation or by magnetic 
radiation, electrical current, ultrasounds, ultraviolet radiation combinations thereof or any other 
means that result to the aforementioned specie of radiation or heat) over its working time is 
5 managed to a target of 70°C or less, preferably 6(fC or less and most preferably 50**C or less. The 
heat management material can be placed on either the resin side (polymerizable mixture) of the 
formulation or on the hardener side. The selection of the heat management material and its amount 
are driven by the amount of heat that needs to be dissipated during the polymerization. If the heat 
generated during the reaction is too high for too long of a period of time, the adhesion of tfie 
1 0 polymerized composition to a substrate may be negatively inq>acted 

The composition may also ccmlain known catalysts for die reaction of an isocyanate reactive 
compound with an isocyanate-containing compound or for the reaction of an epoxy reactive 
material with an epoxy-containing compound. 

15 

The compositions may also include one or more of the following: fillers (e.g. alumina, glass 
powder, ceramic powder and metal powder) that may also contribute to the theological control of 
the composition different to those mentioned already in the paragraph associated to thixotropic 
agents; reinforcement fibres, e.g. glass-, carbon-, basalt woUastonite, ceramic, aramid fibres and 

20 mixtures thereof; silicone rubbers, silicone core-shell particles; reinforcing agents and/or pigments 
e.g. metal oxides, metal hydrates, metal hydroxides, metal aluminates, metal caibonates/sulphates, 
starches, talcs, kaolins, molecular sieves, organic pigments, etc.); solvents (they should be selected 
to have boiling points below the thermal dissociation temperature of the organosilicon 
organoborane complex); oflier flow modifiers;other calcium carbonate including coated and/or 

25 precipitated calcium caiboiiate, which may also act as a thixotropic or riieological control agent, 
especially when it is in the form of fine particles), alumina, clays, nanoclays (e.g. natural 
montmorillonites, etc.), or nano-organoclays (e.g. intercalated montmorillonites, etc.) or modified 
sand, metals (e.g., aluminum powder), microspheres (glass microspheres, thennoplastic resin, 
ceramic and carbon microspheres, which may be solid or hollow, expanded or expandable), and any 

30 of the other organic or inorganic fillers known in the art; additives commonly used in adhesives, 
sealants, paints and coatings, casting resins, cables, in shapable moulding materials and in fimshed 
mouldings or in composite materials; plasticizers, ;adhesjon promoters (also known as wetting or 
coupling agents; eg., silancs, titanates, zirconatcs), colorants (c.g., dyes and pigments such as 
carbon black), stabOizeis (e.g^ antioxidants,.UV stabilizersX and the like; coloring agents (pigments 

35 and dyes^ antifoaming agents; leveling agents; flame retardants; antioxidants; etc. 



Preferred compositions are 2 part and comprise: 
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Part 1 : the sflicon-amino organo-borane complex with optional chain extender, eg an azuidine 

compound; 

And 

Part 2: the acrylic compositions made up of 
5 a blend of radically polymerisable compounds, preferably methaciylic compounds chosen for 
mutual compatibility and fmai cured properties; 
optionally containing tougbener materials [eg ABS ]; 
decomplexer, preferably multi-functional aldehyde, and 

open time extender, eg preferably a second radical accepting species such as 4-meth34sfypene, or 
1 0 other alkenyl compounds. 

The inventions extends to a process for the preparation of a complex which comprises contacting a 
solution of an organoborane compound of tiic general formula (1) with an oiganosilicon conqxiund 
that has the general formula II. The invention extends to a process for the preparation of a complex, 

1 5 which comprises contacting a solution of an organoborane compound of the general formula (I) 
with an organosilicon compound that has the general formula V. The invention further extends to a 
process for the preparation of a complex, which comprises contacting a solution of an organoborane 
compound of &e general formula (I) widi an organosilicon compound as those described in the 
claims. The process may comprises contacting a solution of an organoborane compound of the 

20 general formula (I) witii an organosilicon compound containing at least one primary, secondary or 
tertiary amino group. 

The polymerization of a polymerizable composition according to th present invention may be 
initiated by heating, or by the application of actinic radiation or by electromagnetic radiation or by 

25 magnetic radiation, electrical current, ultrasounds, ultraviolet radiation combinations thereof or any 
other means that result to the aforementioned specie of radiation or heat Preferably, tfie 
composition contains a radically polymerisable monomer and/or oligomer which is preferably an 
olefinically unsaturated system, as an acrylate or methacrylatc compound> Preferably, the radically 
polymerisable monomer and/or oligomer comprises any compounds selected from the following 

30 group: 2^thylhexyl methacrylatc, 2-etfiylhexyl mcdiacrylate, 2-ethoxycthyl metbaciylate, 

<^lohexyJ mediaciylate* isobomyl mrthaciylate, isooctyl acrylate, isooct^^ metiiaaylatB, isobulyl 
methaciylate, n-butyl methacrylatc, cyclohexyl methacrylatc, cyclohexyi aoylate, n-hcxyl 
methacrylatc, isobomyl mcdiacrylate, isodecyl methacrylatc and isodecyl aoylate. The may fiuther 
contain alleast one of tihe following: i) pigments, ii) colorants, iii) UV-stabilizas, iv) inhibitors, v) 

3S moistuie scavengers, vi) firee-radical initiators other than organoborane (e.g. organic penncides, 
hydroperoxicks etc.), vii) sulfonated aromatic polymos, viii) epoxy compounds, ix) cpoxy- 
fenninated amine-epoxy adducts, x) additional crosslinking agents, xi) phoqpiwrous containing 
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compounds that contain at least one P-OH group, xii) substances for modiiying the curing kinetics 
("modifiers") (e.g. metal salts etc.), xiii) rheology control substances (thickeners or thinners) (flow 
modifiers), xiv) various kinds of silica (e.g. finely divided silica, fumed silica, micro ionized silica, 
etc.), xv) volatile liquids, xvi) elastomeric materials, xvii) ceramic particles, xviii) glass beads, xix) 
5 fluoropoiymer powders, xx) microspheres (e.g. glass, thermoplastic resin, ceramic or carbon, solid 
or hollow, expanded or expandable), xxi) catalysts for cpoxy or isocyanate type reactions, xxii) 
solvents, xxiii) reactive or non reactive diluents (e.g. I,4-dioxo-2-butcne fimctional materials, 
aziridine functional materials, various waxes etc.), xxiv) fillers (e.g. alumina, glass powder, ceramic 
powder, metal powder, etc.), xxv) reinforcement fibres/agents, xxvi) silicone rubbers, xxvii) 
10 silicone core-shell particles, xxviii) plastidzers , xxix) adhesion promoters, xxx) antifoaming 
a^ots, xxxi) leveling agents, xxxii) modified sand, xxxiii) antioxidants, xxxiv) flame retardants. 
The con^KSSition can fiirthennore contain other additives commonly used and known in the art of 
adhesives, sealants, paints, coatings, stain blocking compositions, casting resins, in shapable 
moulding materials, in finished mouldings or in composite materials. 

15 

The invention provides a method of adhesively bonding at least two substrates together, which 
comprises applying a polymerisable composition as claimed to a first substrate, positioning a 
second substrate in contact with the first substrate via said product, and allowing or causing said 
composition to cure.Preferably, the polymerisable composition is applied to a fiist substrate, 

20 positioning a second substrate in contact witii die first substrate via said product, and allowing or 
causmg said composition to cure. A method of adhesively bonding at least two substrates togetiier, 
is also provided, which comprises applying a complex to the surface of a substrate; subscquentiy 
applying a composition comprising a radically polymerisable monomer or oligomer to the thus- 
primed surface; and subscquentiy applying a second substrate. Preferably, the second substrate is 

25 similariy treated. 

The two substrates may be independently selected fix>m the group of thermoplastics, thcrmosets, 
wood, composites, ceramics, glass, concrete, and metals. Preferably, at at least one substrate is a 
low surface enei^ substrate, more preferably . 

30 A substrate comprising polyethylene, polypropylene, copolymers of a-olefins, or fluorinated 
polymers (e.g polytetrafluoroethylene, etc.) and other plastics of comparable or hi^ier surface 
en^gy. Said substrates may comprises homo- or co-polymers of methyl metbaoylate, 
polycarbonate, poly(vinyl chloride^ aciylonitrile-butadiene-styrene and other plastics of 
comparable or higher sur&ce enogy. 
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Preferably, any of the two-component polymeric compositions of the is prOTiixed via preferably a 
suitable dispenser. In other embodiments, any of the two-component polymeric compositions is 
applied on the substrates without premixing. 

S The compositioiis of the invention may be used in the preparation of adhesives, sealants, paints, 
coatings, stain blocking compositions, casting resins, in shapabie moulding materials, in finished 
mouldings or in composite materials. 

The pofymeric adhesive composition can be a two-part curable adhesive conqxisition comprising: a) 
10 a first part comprising at least one radically polymerizable monomer/oligomer and at least one 

decooplexer and b) a second part comprising at least one of any of the complexes as claimed in atsy 
one of ftc claims 1 to 10. Preferably, the first part and the second part are confined in a whole 
numbcriatioof 1:1 to35:l and more preferably of 2:1 to 25:1 and most preferably 4:1 to 10:1. 

15 Methods of application and bonded articles 

The novel two-part polymerisable compositions of the present invention can be prepared in a known 
manner by, for example, premixing individual components and then mixing these premixes, or by 
mixing all of the components using customary devices, sudi as stirred vessels, often at slightly 
elevated temperature. The physical form of the composition and its constituent parts will depend 

20 upon the intended application, and may for example be a powder, a paste, or a liquid. The 
formulation of products as a liquid is often prefored for commercial applications. 

When the compositions of this invention are formulated as a two-part product, the two parts may be 
mixed for curing in any suitable ratio; they may for example be presented in packs containing 

25 convenient whole number mix ratio of 1:50 or less, for example 1:10, 1:4,1:3, 1:2 or 1:1, such that 
they can easily be used with two-part dispensers. For a two-part adhesive sudi as those of Ae 
inventioi to be most easily used in conuncrcial and industrial environments, die ratio at which the 
two parts arc combined should be a convenient whole number. This facilitates application of the 
adhesive with conventional, conunercially available dispensers (e.g. under the trademark 

30 "^4ixft«•^. Such dispensers arc sometimes described as dual syringe-type applicators. Detailed 
description of such dispensers and their mode of application can be found in WOOO/56779, U.S. 
4^538,920, VS. 5,082,147. For best conunercial and industrial utility and fwease of use widi 
cuireotly available dispensing equipment, the two parts of the adhesive should be capable of being 
comUned in a conmion, whole number mbdng ratio such as 1:50 or less, more preferably 1:10, 1:4» 

35 l:3,12orl:l. 
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The polymerizablc composition can be easily applied and cured at ambient temperature. Typically, 
it is applied to one or both substrates and then the substrates are joined together with pressure to 
force excess compositions out of the bond line. In gweral, the bonds should be raadediortly afler 
the composition has been applied, preferably within about 3 h and more preferable in less than 2 h. 
5 The typical bond line thickness is about 30-1000 microns, preferably 50-500 and most preferably 
80-350. The bonding can be easily carried out at room temperature. The bonds preferably cure to a 
reasonable handling strength (0.4 MPa) within 3 hours and most preferably less than 2. Full strength 
is reached in about 24-48 hours and more preferably in about 10-18 or most preferably in less than 
10; post-curing with heat (typicaUy about 35-180^, preferably about 40-120*C and most preferably 
10 SO-WC) may be used if desired Even more rapid strengdi build-up is facilitated by Ac inclusion of 
crosslinkiAg agents or cyclic anhydride-functional or vinyl unsaturated anhydride-fimctional 
reactive conqiounds in the polymerizing mixture. 

The following data and examples illustrate the invention: 
15 Raw Materials 

The raw materials and supplier details are presented in Table 1 . 
Table 1 
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20 

Pvropboricitv of nr p; annsilicon organoborane complexes 

The pyrophoricity of organosilicon organoborane complexes was tested according to the method 
described in U.S. 5.690.780. 
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Thermai disassociation of organosUicon organoborane complexes 

The (hernial disassociation of organosilicon organoborane ccnnplexes was assessed by Differential 
Scanning Calorimetry (DSC). DSC measurements from -A(fC to 280*'C, were carried out on a 
Mcttler 820, in air atmosphere at a heating rate of 20**C/min- The onset temj^erature of the exotherm 
S due to the organosilicon organoborane complex's disassociation was recorded (disassociation 
tempmliiie). 

Melting point measurements of organosilicon organoborane complexes 

10 The melting points of certain new organosilicon organoborane oon[q)lexes was assessed by 

Differential Scanning Calorimetry (DSQ. DSC measurements from -5(fC to ISO^'C, were carried 
out on a Metder 820, in air atmosphere in open ahmiinium pans and at a heating rate of 10%/min. 

Adhesive test methods 

15 

Polypropylene, polypropylene copolymer, polyvinyl chloride, polytetrafluoroethylene, 
polymethylmethacrylate substrates and aluminium were d^^eased by wiping with tissue paper 
soaked in acetone. Polycarbonate, low and high density polyethylene as well as ABS substrates 
were d^greased with isopropanol. No sur&ce abrasion, priming, or other surface pre-treatment was 

20 applied in the case of plastic substrates. All the plastic substrates were purchased from Engineering 
and Design Plastics Ltd. (Cambridge, U.KL, www.edDlastics,co.uk) . Steel substrates were 
sandblasted. The adhesive conq)05ition was dispensed onto one face of each substrate pair. The two 
substrates were mated (see Table 2 for bond area) and held to each other with two bulldog clamps. 
Smallamoimts of adhesive squeezed out of the overiapped area were allowed to remain. The 

25 dimensions and bonded areas of the test coupons are shown in Table 2. 

The bonded joints were left to cure for 48h at 25"C (unless odierwise stated). The clamps were then 
removed and the bonded joints were tested for tensile shear stiengdi (TSS) on a tensile tester 
(Instron 4467) at crosshead speed of 2.54 mm/min according to ISO 4587. The TSS values were 
recorded in megapascals (MPa) and the failure mode is reported as: 

30 AF (adhesive failure): delamination between adhesive and substrate. 
CF (cohesive failure): failure within the adhesive layer. 
SF (substrate failure): bonded substrate breaks. 
SN (substrate necking: bonded substrate yields (plastic defcnmation). 

35 
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Table 2 













PolyletrafluofoelhylGne (PTFE-PTFE) 


20 


85 


4 


250.0 


Pofytetrafluofoethylene (PTFE6-PTFE6) 


20 


85 


6 


250i) 




25 


85 


3 


31^5 


Polypropytene copolymer (CPP-CPP) 


25 


85 


3 


312.5 


Low density polyethylene (LDPE-LDPE) 


25 


85 


3 


312.5 


High density polyethylene (HDPE-HDPE) 


25 


85 


3 


312.5 


Polwinvl chlofkje fPVC-PVC) 


25 


85 


3 


31Z5 


PdWrnethvl irelhacfvfate) (PMMA-PMMA) 


25 


75 


3 


312.5 


Poly(Aaylonttiae-Butadlene-Styrene) (ABS-ABS) 


25 


85 


3 


312.5 


PolycartXMiate (PC-PC) 


25 


85 


3 


312^ 




25 


115 


1 


312J 


Steel (STL-Sm.) 


25 


115 


1 


312.5 


Polypropytene & Steel (PP-STL) 


25 


85/115 


3/1 


312.5 



The strength build-up (tensile shear stress v^. curing time) of a competitor's product (COPR) on a 
polypropylene-polypropylene joint was also evaluated and compared to the strength of an adhesive 
formulation prepared herein. A series of joints has been prepared by applying the COPR to both 
substrates via a dual-syringe-type applicator (10: 1 v/v). The joints prepared as mentioned here 
10 before, left to cure for 1,2, 4, 6 and 24 hat 

Examples 
Example 1 

IS Synthesis of organoborane complexes 

The complexation reactions between triethylborane (TEB) and the complexing agents were carried 
out in Niatmospherc. A 50-mL conical flask was charged with die complexing agent (or a solution 
of the con^lexing agent in a volatile solvent preferably THF) and it was placed into an ice-bath and 
on an analytical scale. The required amount of TEB (14.5% w/w, tetrahydrofarane (THF) solution) 

20 was transferred via a syringe into the conical flask. Upon completion of the addition of TEB, the 
reaction mixture (along with the ice-bath) was removed from the analytical scale and was stirred for 
4-6h. The flask was then removed from the inert atmosphere and left at ambient temperature in air 
for 3 to S days for the THF to evaporate. The evaporation process was tracked via weight loss 
measurements over time. The evaporation process was considered complete when no further weight 

25 loss was lecoided, which takes into account weight loss due to any hydrolysis products. Table 3 
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presents the newly synthesized complexes, which are storage, stable at ambient temperature and 
none of them is pyrophoric. 



Table 3 



w^^m •:■ 








01 


KF-a57 


1:1 


TfansparBfil GQuid 


02 


KF-857 


2:1 


Transparent liquid 


03 


KF-657 


3:1 


Transparent Gqukf 


04 


KF-657 


7:1 


Transparent liquid 


05 


X22-161AS 


2:1 


Transparent liquid 


06 


X22-161AS 


3:1 


Transpaiwit fiquid 


07 


AM027D 


1:1 


Yellow liquid 


08 


AM0270 


3:1 


YeHow liquid 


09 


KBM-G03 


1:1 


Transpararrt liquid 


010. 


KBM^ 


2:1 


Transparent liquid 


Oil 


KBM-903 


1:1 


Transparent liquid . 


012 


KBE-903 


1:1 


Transparent liquid 


013 


SLM-68705 


1:1 


White solid 



All the above complexes showed different disassociation temperatures all higher than 25**, for 
exan^Ie the disassociation tonperatures of CI and C3 were 65 and 45% respectively. 

When neat TEB reacted with KBM-903 or KBE-903 in an equimolar ratio then die conesponding 
complexes (CI 1 and C12 of Table 3) were obtained as crystalline solids. 

10 Cll: 

Melting temperature range: 38-59oC at 43oCX DHmelting= -154.05 J/g 

C12: 

Melting temperature range: 13-33oC (peak at 25oC), DHmelting== -62.79 J/g 
Example 2 

15 In some cases the aforementioned complexes were combined with aziridine or with each other. 
Table 4 depicts these combinations. 



Tabic 4 









f5?V^ 










© 






014 


09 




azbfcine 




23 


CIS- 


a2 


02 




1^ 




CIS 


C12 


03 




1^ 




017 


012 


07 




1^ 




Ct8 


09 


01 




27 




019 


09 


C7 




Z7 




020 


CIO 




azutfne 




1J0 


021 


a2 


05 




15 




022 


a2 


OS 




15 




023 


012 




azMSne 




23 
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Example 3 

General preparation procedure for Part A of the adhesivcs 
5 A mixture of methacrylates, the decomplexer (or a solution of the decomplcxcr in THFMA in cases 
where the decomplexer is a soUd). BLENDEX-360 and ELVAClTE-2010 were sheared in a high- 
shear mixer at approx, 3000 ipm for 1 h. F1LLITE-160W was then added to the slurry and mixmg 
was continued for another 1 0 min at 500 ipm. 

10 In some cases (Al-AlO, Table 5) after 1 h of mixing the methacrylates, decomplexer, BLENDEX- 
360 and ELVAClTE-2010, an addition of AEROSIL 200 to the mixture was made, and mixing 
continued at 3000 rpm for another 10 min. At the end FILUTE-ieOW was added to the slurry and 
mixing continued for another 10 min. 

15 In one case (Al 1 , Table 5). epoxy resin MY-05 10 was added to the mixture of methaaylates, 
decomplexer BLENDEX-360 and ELVACiTE-2010. After 1 h of mixing, AEROSIL 200 was 
added and mixing at 3000 rpm continued for another 10 min. At the end F1LLITE-160W was added 
to the slurry and mixing continued for another 10 min. 

20 In one case (A39, Table 5), no decomplexer was added to the mixture of methacrylates, 

BLENDEX-360 and ELVACITE-2010. After 1 h of mixing, FILLITE-160W was added to the 
slurry and mixing continued for another 10 min. 

A scries of different compositions of Part A of the adhesives is depicted in Table 5. 

25 

Table 5 
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^^^1 






9BBi 


wl 


191 




fABS^RubbiiMl 


AcryVclUraln 










eHMAlK 
«M 


1MPTA 
<* 














MY-4S10 




eLVAOTCMia 




miTE U8W 






1 


A1 




iaM 




1106 














10JO 




036 


5.18 


t 


At 


ust 


lt.93 




850 














10.86 




0.00 




J 


A3 




. 20 JO 




ajB 














IIjOO 




0.02 


552 


4 


M 


63.fS 


19.74 




0.44 














1070 




030 


S37 


• 


AS 


55.19 


2a» 


















ItiM 




032 


S31 


• 


4S 


ST37 






_ 














1139 




037. 


5.79 


T 


47 


STJM 


2004 




iM 














1W1 




035 


i70 




At 


S6.ai 


20.78 




4.70 














IIJl 




034 




t 


M 


50*3 


18i1 




15.10 














lOM 




0.04 


503 


• lo- 


A« 


STJS7 


31.13 










3.06 








1131 




036 


5.75 


ll 


AH 


*9M 


lam 




8J3 












837 


964 




032 


431 


12 . 


AO 


S1J7 


17J» 




3JD4 














1730 


430 




430 


11 


AH 




17.22 




4J3 














17.23 


4.70 




4.78 


14 


A-M 


90.67 


16J9 




«.16 














16J0 


430 




*a 


15 


AH. 


49.24 


1641 




651 
















436 




4M 


1t- 


AH 


S3.10 


17 JO 










1J7 








17J8B 


432 




4.02 


1T 


AO 


5277 


17/«2 


















17.43 


434 




4.84 


11 


AO . 


S2M 


17JBB 














1J0 




1737 


431 




4.t1 


1* 


AO-. 


53 J3 


17.74 












1.42 






17.75 


433 




433 




AS: 


S2JS1 


17.S4 




2JS6 














20/47 


135 




437 


« 


AH- 


50.11 


16.70 




7.21 














19 A6 


138 




434 


U 


Aa 


SDi» 


16.70 




7J* 














10A7 


138 




434 


n 


AO 


5034 


16JS 




6.7* 














1957 


138 




438 


u 


All 


SO.U 


16.71 




7.18 














19.49 


138 




434 


2S 


AS 




17.1S 




4.10 














20j02 


131 




4.S 




AS ^ 






5.62 














1931 
1931 


139 
130 




4.72 
AJS 


a 


A2y 

AS' 








5.37 
530 














1939 


130 




4J3 




AS 




1A» 




6.13 














19J1 


138 




439 


■ M 


AS 


50.51 


1644 




• 47 














1933 


137 




430 


ai 


AS - 


61.11 


iTiH 




ix 














1038 


130 




4.73 


. X2 


AS \ 


48.15 






IOjBS 














18.73 


1-70 




4M 


u 




SOS 


16.70 




6.70 














1930 


137 




4.07 


M 


AM 


4flA5 


16^ 




6J05 














1931 


134 




430 


""""»— 


AS 


51.02 


17«1 




&£1 














1731 


4.72 




4J3 


M 


' AS 


55.10 


2022 




7J4 














1132 




032 


S50 


17 


AV- 


49.B0 


1663 




739 














10.41 


135 




432 


U 


' AS' . 


51.17 


17X16 




&24 














1736 


4.74 




4J3 


M 


AS 


54 DO 


1600 


















1830 


Sin 




500 


40 


Am 


SIJO 


17.17 




4.63 














17.17 


4.T7 




4J6 


41 


An 


50.18 


16.73 




7JJ7 














w.n 


4.« 




434 


4t 


AO 


49.87 


16.62 




TA» 














«32 


432 




4.63 


41 


MX 


50.71 






5.B4 














10.75 


138 




4.71 


44 


A44 


S2.sg 


17JS3 




2.G0 














20/45 


135 




4n 


4S 


AO- 


4t5B 






8,17 














10.26 


134 




439 


44 


A«- 


S2.10 


17JT 




352 














2036 


133 




4.n 


47 


A47 


51.96 


12>«1 


4.77 


4S2 














18.14 


4.77 




333 


4» 


■ AO-. 


S0J3 


tC.76 




6M> 














1937 


136 




430 



Example 4 

A scries of two-compooent aaylic adhesives was prepared (sec Tabic 6, AF series), using as Part A 
compositioiis A1-A48 (Example 3» Table 5) and as initiator (Part B) the organoborane complexes 
C1-C22 (Examples 1 & 2,Tables 3 & 4). The components were mixed immediately prior to bonding 
the substrates. Overlap shear specimens were prepared and tested according to the adhesion test 
method described here before. Table 6 gives details of the adhesive compositions, the ratios of Part 
A and Part B, and the tensile shear strength results and failure mode of bonded joints of various 
substrates; 

In one case (No.43, Table 6), the bonded joint was left to cure for 24 b at 23^C 

In one case (No.63, Table 6), the bonded joint was left to cure for I h at 80^C After cooling die 
joint-down to ambient temperature, the joint was tested for tensile shear strength (TSS) simihriy as 
all the otiwr joints prepared hmin. 



10 
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Table 6 
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Adheaiva 

FormuUUon 








PtftA 


PtftB 


Put A 


PartB 












AF1 


A1 


C3 


G6.1 


33.9 


PP-W* 




CF 


AF2 


A2 


C3 


74.7 


2S.3 


PP-PP 


O.D/ 


q: 


AF3 


A3 


C3 


TB.7- 


21.3 


PP-PP 




Of 


AF4 


All 


C3 


74.7 


2S.3 


PP-PP 


378 


QP 


AF5 


A4 


C3 


72:9 


27.1 


PP«PP 


O.f o 


CP 


AF6' 


AS 


C3 


782 


213 


PP'PP 


3.17 




AFT 


AS 


CIO 


972 


23 


PP-PP 


4.12 


fC 

\jr 


AF8 


A7 


CIO 


95.4 


43 


PP-PP 


531 


Qp 


AF9 


AS 


CIO 


94.6 


5.4 


PP-PP 


431 




AF10 


A9 


03 


73.7 


26.3 


PP-PP 


3.03 


PC 


AF11 


A10 


C3 


73 j6 


26.4 


PP-PP 


334 




AF12 


A12 


C20 


95 j6 


4,4 


PP-PP 


636 




AF13 


A12 


012 


95.4 


43 


PP-PP 


5j42 


5*- 


AFU 


At3 


09 


94£ 


5.4 


PP-PP 


337 


\ir 


AF1S 




CIO 


94 j6 


6.4 


PP-PP 


6.76 


SF 


AF1C 


At3 


012 


94 jB 


5.4 


PP-PP 


634 


SF 


AF17 


A«4 


C14 


94 i) 


63 


PP-PP 


339 


OF 


AFIt 


At4 


023 


94 JO 


63 


PP-PP 


6jS6 


SF 


AFIt 


AIS 


C12 


94.4 


53 


PP-PP 


4jS4 


CF 


AF20 


A17 


012 


945 


S3 


PP-PP 


4.77 


t*c 

Uf- 


AF21. 


Af8 


012 


94.4 


S3 


PP-PP 


636 


Sir' 


AF22 


A19 


C12 


94 i4 


S3 


PP-PP 


639 


^ 


AFZ3 


A28 


017 


90 jO 


9.1 


PP-PP 


435 


CF 


AF24 


A27 


CIS 


60.9 


9.1 


PP-PP 


433 


CF 


AF25 


A26 


ao 


90 JB 


9.1 


PP-PP 


534 


SF 


AF28. 


A29 


012 


93 jO 


73 


PP-PP 


624 


SF 


AF27 


A30 


09 


91 Jl 


82 


PP-PP 


S.47 


CF 


AF28 


A31 


010 


95 jO 


50 


PP-PP 


438 


CF 


AF29 


A25 


012 


94 jB 


5.4 


PP^P 


527 


SF 


AF30 


ASS 


03 


93 J9 


63 


PP^V 


327 


CF 


AF31: 


A34 


018 


90A 


92 


PP-PP 


321 


CF 


AFM 


A14 


010 


60.6 


9.4 


PP-PP 


3-48 


QP 


AF33 


A3B 


04 


67 j8 


122 


PP-PP 


234 


QP 


AF34 


A24 


013 


933 


63 


PP-PP 


3j03 




AF35 


A47 


Oil 


94.6 


54 


PP-PP 


138 




AF38 


A38 


C11 


93J 


62 


PP-PP 


4jB9 




AF37 


A43 


C11 


9311 


7.0 


. PP-^P 


324 


QP 


AF38 


AM 


OS 


943 


53 


PP"4*P 


mm 

OJUO 


gp 


AF39 


. A45 


05 


64 .S 


15.S 


PP-PP 


330 


QP 


AF40 


A40 


C8 


94 J 


S3 


PP^P 


SJ38 


3p 


AF41 


A48 


06 


69.9 


10.1 


PP^P 


236 


QP 


AF42 


A41 


021 


91.5 


63 


PP-PP 


432 




AF43 


ASS 


012 


94^ 


5.4 


PP-PP 


635 


OP 


AF44 


A42 


C22 


913 


83 




5 13 


SP 


AF49 


A20 


C8 


ffil.1 


14.9 




3.44 


CF 


AF46 


. A21 


C12 


93.1 


63 


CPP"CPP 


233 


Of 


i AF47 


A22 


C9 


91 J9 


8.1 


CPP-CPP 


433 


8N 


j AF48' 


A23 


CIO 


94.7 


53 


CPP-CPP 


433 


SN 




A24 


CIS 


933 


63 


CPP-CPP 


226 


CF 


AF» 


A2S 


012 


943 


5.4 


CPP-CPP 


433 


SN 


AF51 


A15 


03 


743 


2S.7 


CPP-CPP 


2>I8 


CF 


AF4I 


ASS 


a2 


943 


SA 


PG« 


430 


SF 


AF43 


A35 


C12 


943 


S.4 


PTFE-PTFE 


330 


OF 


AF9 


A40 


C12 


95.4 


43 


PTFE64nFEE 


S.18 


OF 


AF93 


A32 


CIO 


943 


5.1 


ABS-ABS 


436 


SF 


^ AFSS 


A32 


CIO 


943 


5.1 


PVC4M: 


4ja3 


SF 


AF94 


A37 


eg 


913 


63 


PMMAPMMA 


331 


SF 




ASS 


012 


943 


5.4 


LOPE-iOPE 


2j04 


SM 




ASS 


012 


943 


54 


K0PCM3PE 


532 


SM 




ASS 


012 


943 


5.4 


ALnM. 


12.11 


OF 


; AF43- 




012 


943 


S4 


STL-Sn. 


1332 


OF 


AF49- 


ASS 


C12 


943 


S>4 


STL-PP 


SjOI 


SF 




A39 


C12 




SB 




332 


if 
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Example 5 

Table 7, presents data regarding typical strength build-up (tensile shear strength vs, curing time @ 
lyC for PP-joints) of the adhesive fonnulation AF43 prepared in Example 4 (Table 6) and for a 
competitor's product (CROP). The curing time for both adhesives was: 0.5, 1, 2, 4, 6 and 24h). 
AF43 develops handling strength (0.4 MPa) in about 1 h and maximum strength (substrate failure) 
in about 7-10 h. It becomes evident that this particular fomnulation outperfonns thecompetitor's 
product (CROP) as it develops strength faster (handling strength achieved after only Ih whilst the 
corresponding figure for the CROP was 2b). 




Table 7 



10 ♦the % max. strength for each of the adhesives of the Table is equal to: TSS recorded upon certain 
curing time multiplied by 16.53 in the case of AF43 or by 16.83 in the case of CROP). 



15 



Example 6 

When PP-PP joints were prepared with tbc adhesive fonnulation AF43 (A35 as part A and C 1 2 as 
part B) [see Example 4 (Tabic 6), and tested at elevated temperatures 60, 90 and I2tft, afforded in 
all cases cohesive failure at tensile shear strengths (TSS) 2.32. 0.67 and 0.71 MPa. respectively. 



Example 7 

Studies on "open" time of plastic adhesives- Introduction of styrenic compounds in formulations 
20 containing aldehydes 

A13 was used as the reference adhesive formulation for studying the open time extension using 
styrenic compounds. In the following series of experiments 4-MethylStyrene was used as an open 
time extender at a weight percentage of 3.8 and 1.9% on adhesive mixture that ensures open times 
longer dian 18 min (hand mixing). All overiap PP-joints were formed upon mixing and coating both 
25 sides of the joint substrates (immediate assembly: no elapsed time). 



4-MS: 1.9% w/w on adhesive mixture 
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Composition 


1 


2 


3 


4 




n 
D 


/ 


A13 


0,5000 


0,5000 


0.5000 


0.5000 


0.5000 


0.5000 


0.5000 ' 




0 0200 


0 0200 


0,0200 


0,0200 


0,0200 


0,0200 


0.0200 


complexKBM-903C 


0.0300 


0.0300 


0.0300 


0.0300 


0,0300 


0.0300 


0.0300 


terephthaloyi dlcarbaxaldehyde 


0.0089 


0.0089 


0,0089 


0.0089 


0.0089 


0.0089 


0.0089 


Total waiglit- 


" 0.559 


''0.559 


0.559 


0.559 


"0.559 


'0':559 


" 0.559 


Ratio: root dacomplexer/1 molof 
complex 


0,50 


0.50 


0.50 


0.50 


0.50 


0.50 


0.50 


Curing @ RT 


15mtn 


30min 


ID 


2h 


4h 


6h 


24h 


Lap shoar strength (MPa) 


0,01 


0.02 


0,02 


0,04 


0,44 


1,09 


6,72 


Faitura tsfpa 


not 
. cured 


not 
cured 


not 
cured 


CF 


CF 


CF 


SF 



































































































This exanple shows dearly the balance of properties that can be achieved by incorporating the 
alddiyde and styrenic compounds. 
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